), which were isolated from sponges and macroalgae, are also reported. For taxonomic considerations at the species level, the resolution of gyrB sequences was superior to that of 16S rDNA sequences, and the grouping based on the gyrB phylogram was consistent with DNA-DNA hybridization results.
INTRODUCTION
Ecological studies have demonstrated that members of the Cytophaga-Flavobacterium-Bacteroides (CFB) complex constitute one of the dominant bacterial groups in the marine environment (Bowman et al., 1997b ; Pinhassi et al., 1997) . They are known as decomposers of biomacromolecules such as cellulose, agar and chitin. These abilities indicate that the CFB group plays an important role in carbon cycling in the marine environment. Some of these bacteria have been also reported as fish pathogens (Bernardet, 1998) , algicidal and\or algal-lytic (Maeda et al., 1998) , algalattached (Shiba & Taga, 1980 ; Bolinches et al., 1988) M. Suzuki and others and inducers of morphogenesis in macro-algae (Hanzawa et al., 1993 ; Nakanishi et al., 1996) . These positive and negative interactions between bacteria and algae or other marine organisms are doubtless important to the marine ecosystem and also to the marine-product industry.
The taxonomy of the CFB complex is confused. In recent years, reclassifications and emended descriptions have been applied to these bacteria (Shah & Collins, 1988 ; Nakagawa & Yamasato, 1993 ; Bernardet et al., 1996) . However, the taxonomic identity of marine CFB species has not yet been resolved.
The similarity of small-subunit rRNA (16S rRNA) sequences is used as a powerful tool for bacterial classification (Olsen & Woese, 1993) . However, resolution of 16S rRNA sequence analysis is insufficient to distinguish closely related organisms (Fox et al., 1992 ; Stackebrandt & Goebel, 1994 ; Clayton et al., 1995) . On the other hand, protein-encoding genes evolve faster than rRNA genes (rDNA), so a phylogenetic analysis based on these genes has a higher resolution than one based on the 16S rRNA sequence (Ochman & Wilson, 1987 ; Yamamoto & Harayama, 1996) . Yamamoto & Harayama (1995) have developed a PCR amplification and direct sequencing system for the DNA gyrase B subunit gene (gyrB) and have shown that a phylogenetic analysis based on the gyrB sequence has a greater degree of resolution than that based on the 16S rRNA sequence (Yamamoto & Harayama, 1996) .
We have isolated bacterial strains of the CFB complex from sponge samples collected from the coastal environment of Japan and Palau. In the present study, five of these bacterial isolates and two similar strains that had been isolated from the surfaces of macroalgae were selected for phylogenetic and taxonomic studies. Of these strains, five were thought to belong to new bacterial taxa that are phylogenetically related to the fish-pathogenic species [Flexibacter] ovolyticus (Hansen et al., 1992) and [Flexibacter] maritimus (Wakabayashi et al., 1986 ) (square brackets indicate generically misclassified bacteria). Because these four bacterial species were only distantly related to Flexibacter flexilis, the type species of the genus Flexibacter, we propose the reclassification of [Flexibacter] ovolyticus and [Flexibacter] maritimus into Tenacibaculum gen. nov., as Tenacibaculum ovolyticum comb. nov. and Tenacibaculum maritimum comb. nov., as well as the description of Tenacibaculum mesophilum sp. nov. and Tenacibaculum amylolyticum sp. nov.
METHODS
Bacterial strains. The bacterial strains used in this study are listed in Table 1 . Strains MBIC 1140 T , MBIC 1543 and MBIC 1544 were isolated from homogenates of sponge samples that had been collected from the coast of Japan, strains MBIC 4356 and MBIC 1357 were isolated from homogenates of sponge samples that had been collected in Palau, while strains MBIC 4355 T and MBIC 4357 were isolated from the surfaces of marine macro-algae sampled from the coast of Japan. A 1\5 LBM medium [2n0 g tryptone and 1n0 g yeast extract in 1000 ml Jamarin S synthetic sea water (Jamarin Laboratory) at pH 7n2] was used for cultivating these isolates. The media used for the type and reference strains are listed in Table 1 . The strains of [Flexibacter] ovolyticus and Polaribacter glomeratus were incubated at 15 mC, whereas the other strains were incubated at 25 mC.
Phenotypic characterization. Tests on the utilization of several carbon sources employed a basal medium containing 0n2 g NaNO $ , 0n2 g NH % Cl and 0n05 g yeast extract in 1000 ml Jamarin S synthetic sea water at pH 7n2. Each carbon source was added to the basal medium at a final concentration of 0n4% (w\v). The growth of the strains on each substrate was recorded by measuring the optical density at 660 nm, up to the 21st day, with a spectrophotometer. The ability of the strains to degrade macromolecules was investigated according to Smibert & Krieg (1981) and Lewin & Lounsbery (1969) with a medium which had been prepared from Jamarin S synthetic sea water. The production of nitrate reductase, oxidase and catalase by the strains was also investigated according to Smibert & Krieg (1981) . The ability of the strains to grow under anaerobic conditions and by nitrate respiration was tested with the Oxoid anaerobic system. To test their growth at different temperatures, our isolates were incubated on 1\5 LBM agar plates at 6, 15, 20, 30, 37, 40 and 45 mC up to the 21st day. To test their growth response to salinity, a 1\5 LBM broth containing 0, 10, 30, 50, 70 or 100 % (v\v) strengths of Jamarin S synthetic sea water or one containing 1, 3, 5, 7 or 10 % (w\v) NaCl was used. Growth at different pH values was checked on 1\5 LBM broth at pH values in the range 3-11. The morphological characteristics of our isolates were checked with an Axiophot 2 optical microscope (Zeiss), using cells cultured at 20 mC on 1\5 LBM agar plates. Gliding motility was observed, as described by Perry (1973) with some modifications. Cells in 1\5 LBM liquid cultures were spread on both agar-coated and -uncoated coverslips, and the cell movement on the surfaces was examined at i1000 magnification.
Chemotaxonomic analysis. Isoprenoid quinones were extracted and analysed according to the method of Nakagawa & Yamasato (1993) . Pigments were extracted from cells cultured for 18 h, by exposure to acetone for a few minutes. After centrifugation, the supernatant was immediately injected into an HPLC system equipped with a reversed-phase TSK gel ODS-80Ts column (length 15 cm, diameter 4n6 mm, 5 µm particle size ; Tosoh). The pigments were eluted with methanol : water (9 : 1). The initial flow rate of 1 ml min − " was changed to 2 ml min − " 9 min after the sample had been injected. The eluted pigments were detected with a UV-visible device (UV8010 ; Tosoh) at 440 nm or by a photodiode array detector (SPD-M6A ; Shimadzu) and then identified by comparing the retention times and absorption spectra with those of authentic standards. Flexirubin pigment was detected by the bathochromic shift test using a 20 % (w\v) KOH solution (Fautz & Reichenbach, 1980) . Genotypic analysis. The method for extracting and purifying genomic DNA has been described previously (Suzuki et al., 1999) . The extracted DNA was further purified with 2 g hydroxyapatite powder (DNA-grade Bio-Gel HTP ; Bio- Rad) that had been suspended in, and washed with, USP buffer [8n0 M urea, 1n0% (w\v) SDS and 0n24 M NaH # PO % at pH 6n8]. Approximately 2 mg DNA in the USP buffer was loaded into this hydroxyapatite suspension and mixed gently. The suspension was centrifuged at 1870 g for 5 min at room temperature, and the buffer was discarded. The resulting pellet was washed once with USP buffer and twice with 0n2 M ammonium carbonate. The purified DNA sample was then eluted with 2 M ammonium carbonate (the eluate being dialysed against distilled water) and the DNA recovered by precipitation with 2-propanol. The DNA GjC content (mol %) was determined using HPLC (Suzuki et al., 1999) . DNA-DNA hybridization experiments were performed according to the method described by Ezaki et al. (1989) . The hybridization reaction was performed at 38 mC in 2i SSC (1i SSC is 0n15 M NaCl plus 15 mM sodium citrate at pH 7n0) supplemented with 30 % (w\v) formamide. Sequencing of gyrB and 16S rDNA. The gyrB gene sequence of each strain tested was determined as described previously (Suzuki et al., 1999) . The 16S rDNA gene sequences of our isolates and of the strains of [Flexibacter] ovolyticus and Cellulophaga lytica were determined by PCR amplification and direct sequencing (Hiraishi, 1992) . The BF primer (forward ; 5h-AGAGTTTGATCCTGGCTCAG-3h, corresponding to positions 8-27 of Escherichia coli 16S rRNA) and the BR2 primer (reverse ; 5h-TACGGTTACCTTGTT-ACGACTT-3h, positions 1513-1492), were designed according to the conserved sequences in the 5h-and 3h-terminal regions of the gene (Weisburg et al., 1991) . The PCR was performed with AmpliTaq Gold DNA polymerase (Perkin Elmer) in a PCR buffer (Perkin Elmer) containing each dNTP at a concentration of 200 µM, MgCl # at 1n5 µM, each primer at 10 pM, and 2n5 U enzyme in a total volume of 50 µl. A total of 35 amplification cycles (denaturation at 95 mC for 45 s, primer annealing at 55 mC for 30 s, and primer extension at 72 mC for 1 min) were performed. The amplified DNA fragments were sequenced with a Taq DyeDeoxy Terminator Cycle sequencing kit (Perkin Elmer) and an ABI377 DNA sequencer (ABI). The primers used for sequencing were as follows : BF, BR2, 1m (5h-CTCCTAC-GGGAGGCAGCAGT-3h, positions 339-358 of E. coli 16S rRNA), 4m (5h-GTGTAGMRGTGAAATKCGTAGA-3h, positions 683-704), 6m (5h-ACAGGTGCTGCATGGCT-GTCG-3h, positions 1044-1064), 3R (5h-TATTACCGCG-GCTGCTGGCA-3h, positions 535-516) and 5R (5h-CCC-CGTCAATTCATTTGAGT-3h, positions 928-909). These primers were designed for consensus regions of 16S rDNA (Weisburg et al., 1991) . Phylogenetic analysis. The nucleotide sequences of gyrB were translated to the amino acid sequences (GyrB), and these GyrB sequences were aligned using   software (Thompson et al., 1994) . Gaps were manually excluded from the aligned sequences. Evolutionary distances were computed with the  program in the  3.572 package (Felsenstein, 1995) with the Dayhoff PAM matrix (Dayhoff et al., 1978) . The phylogenetic tree was constructed by the neighbour-joining method (Saitou & Nei, 1987) . A more detailed analysis of our isolates and their neighbouring species was based on the nucleotide sequences of gyrB. The gyrB sequences were aligned using   software, the evolutionary distances were then computed with the  program in the  3.572 package with 
Fig. 2. Phylogenetic tree of the genus
Tenacibaculum and of Cellulophaga lytica strains based on gyrB nucleotide sequences, using the neighbour-joining method (Saitou & Nei, 1987) . Cytophaga uliginosa ATCC 14397 T was used as the outgroup. Number at each node indicates the percentage bootstrap value of 500 replicates. Bar, genetic distance of 0n1 (K nuc ).
the Kimura two-parameter model (Kimura, 1980) , and the phylogenetic tree was constructed by using the neighbourjoining method (Saitou & Nei, 1987) . The partial sequences (positions 111-1375 of the E. coli 16S rDNA sequence) of 16S rDNA were also aligned by using   software. Regions which might contribute to incorrect alignment (positions 181-219, 457-478 and 838-850) were excluded. To evaluate the phylogenetic trees, a bootstrap analysis with 500 sample replications was performed using the  and  programs of the  3.572 package.
RESULTS

Phylogeny
A phylogenetic tree of the CFB complex, based on the amino acids sequences of GyrB, is shown in Fig. 1 . The species containing menaquinone-6 (MK-6) formed one cluster.The species of the genus Flexibacter were located in various phylogenetic positions among the CFB complex. The GyrB sequence similarities between the Flexibacter species tested and Flexibacter flexilis, the type species of the genus were in the range 69n3% ([Flexibacter] Flexibacter] ovolyticus, that exhibited high GyrB similarity (95n2 %) with each other. Polaribacter glomeratus, which had been isolated from an Antarctic marine lake, was the sister group to this cluster. Strain MBIC 1544, isolated from a sponge collected in Japan, was positioned in a branch that comprised Cellulophaga lytica. The GyrB sequence of MBIC 1544 was identical to that of Cellulophaga lytica IFO 16022 and had 96n5-99n1 % similarity to the other strains of Cellulophaga lytica.
Strain MBIC 1357, isolated from a sponge collected in Palau, was positioned in the marine MK-6 group of the CFB complex, but the branching of this strain was deep and had no close neighbour.
The result of a more detailed phylogenetic analysis based on the nucleotide sequences of gyrB is shown in Fig. 2 . This analysis used the gyrB sequences of [Flexibacter] maritimus, [Flexibacter] ovolyticus, Cellulophaga lytica and our isolates. The gyrB sequence similarity between the two strains of [Flexibacter] maritimus was 99n2 %, that between the three strains of [Flexibacter] ovolyticus was 99n9-100 %, while that between the six strains of Cellulophaga lytica was 88n5-99n9 %. Four isolates, MBIC 4357, MBIC 4356, MBIC 1543 and MBIC 1140 T , formed a cluster independent of the other related strains. Although their GyrB sequences were 100 % identical, some synonymous substitutions were observed in their gyrB sequences. The clustering of these strains was consistent with their geographical origin, two strains isolated in Palau (MBIC 4356 and MBIC 4357) forming one subcluster, but another subcluster which contains two strains isolated in Japan (MBIC 1140 T and MBIC 1543) was not supported by bootstrap analysis.
The phylogenetic relationship among bacteria in the marine MK-6 group was also examined by analysis of their 16S rDNA sequences. The 16S rDNA-based tree is shown in Fig. 3 The other two isolates were also placed in the marine MK-6 group on the basis of the results of the 16S rDNA analysis. The MBIC 1357 strain isolated from a sponge collected from Palau showed limited relatedness to the psychrophilic genus Psychroserpens. However, strain MBIC 1357 was mesophilic and able to grow at 40 mC. The MBIC 1544 strain isolated from a sponge collected in Japan was located within the Cellulophaga lytica cluster. The 16S rDNA and gyrB sequences of MBIC 1544 were identical to those of IFO 16022.
Phenotypic characterization
The five isolates constituting a single cluster in the dendrograms resulting from phylogenetic studies, MBIC 1140 T , MBIC 1543, MBIC 4355 T , MBIC 4356 and MBIC 4357, were studied to determine their phenotypic characteristics. They all produced brightyellow colonies on 1\5 LBM agar and did not adhere to the agar plate. The irregularly spreading edges of their growth margins suggested the presence of gliding motility. After a 5 d incubation, the sizes of the colonies were between 35 and 60 mm in diameter, Data are from this study and others (Wakabayashi et al., 1986 ; Hansen et al., 1992 ; Gosink et al., 1998) . Abbreviations : j, positive test result ; k, negative test result ; , test results vary between strains ; , not determined ; , no growth ; , weak result. All cells are rods, and the colony elevation for all four species was flat, and all four gave positive results for growth on tryptone and degradation of casein.
Characteristic
T. mesophilum (n l 4)
T. amylolyticum (n l 1)
T. ovolyticum (n l 3)
T. maritimum (n l 2) Casamino acids
31n6-32n0 3 0 n9 3 0 n3-32n0 3 1 n3-32n5 Type strain MBIC 1140 T MBIC 4355 T IAM 14318 T ATCC 43398 T * Strain MBIC 4356 is able to grow in a medium containing 10 % (w\v) NaCl. † There is a difference between the results of this study and those reported by Gosink et al. (1998) . ‡ There is a difference between the results of this study and those reported by Hansen et al. (1992) . § There is a difference between the results of this study and those reported by Wakabayashi et al. (1986) .
except for those of MBIC 4355 T , which were between 23 and 27 mm in diameter. They all actively glided on glass and agar surfaces as observed using hanging drop preparations of liquid culture. Each of these isolates consisted of Gram-negative, flexirubin-negative, nonspore-forming, non-gas-vesicle-forming rods. The sphaeroplast-like round forms were rarely observed even after prolonged incubation of all isolates. The cell size of each strain is given in Table 2 , and phasecontrast microphotographs of MBIC 1140 T and MBIC 4355 T are shown in Fig. 4 .
Strain MBIC 4355 T grew at temperatures between 20 and 35 mC, the optimum temperature being between 27 and 33 mC. The other four strains grew at temperatures between 15 and 40 mC, the optimum temperature being between 28 and 35 mC. These bacteria did not grow at 6 mC or at 45 mC. All but MBIC 4355 T grew well in the LBM broth at pH 5n3-9n0, and strain MBIC 4355 T grew well at pH 5n3-8n3. All of the isolates were obligate aerobes and no anaerobic growth was observed. All of the strains grew well on the 1\5 LBM medium containing 70 % (v\v) sea water. Strain MBIC 4355 T required sea water at a concentration higher than 50 % (v\v) for sufficient growth, whereas the other strains required sea water at a concentration above 10 % (v\v). The addition of 3 % (w\v) NaCl to the 1\5 LBM medium weakly supported growth of strain MBIC 4355 T . The other strains grew well in 1\5 LBM medium supplemented with NaCl at 1-7 % (w\v), whereas strain MBIC 4356 was able to grow in the 1\5 LBM medium containing 10 % (w\v) NaCl. Gosink et al. (1998) (see Table 2 ). These discrepancies could have been due to a difference in the growth conditions : in this study, the ability to grow on various carbon substrates was tested by using a basal medium supplemented with yeast extract at a concentration of 0n05 g l −" (the previous study involved a medium supplemented with amino acids). The growth on amino acids was not affected when inorganic nitrogen sources were omitted from the basal medium and nitrate or ammonium could not be used as nitrogen sources (data not shown). This observation indicates that these bacteria could utilize certain amino acids as sole carbon and nitrogen sources, and require an organic nitrogen source for growth.
Chemotaxonomic characteristics
All of the isolates, including MBIC 1357 and MBIC 1544, possessed MK-6 as the respiratory quinone system. All isolates and the strains of [Flexibacter] maritimus and [Flexibacter] ovolyticus contained zeaxanthin as the major carotenoid pigment, contained β-cryptoxanthin and β-carotene as minor components, but did not contain flexirubin-type pigments.
Genotypic characteristics
The GjC compositions of the isolates were in the range 31-32 mol %. The DNA-DNA hybridization results among our isolates and their related species are shown in Table 4 . Strain MBIC 1544 showed homology of 68-92 % with respect to the strains of Cellulophaga lytica. This shows that MBIC 1544 is a member of the Cellulophaga lytica species. The five other strains of Cellulophaga lytica tested showed homology of more than or nearly 70 % to each other. The levels of relatedness between IFO 15986, IFO 16020 and IAM 14306 T were very high ( 99 %). The homology between strains MBIC 1544 and IFO 16022 was also high (95 %). IFO 16021 showed moderate homology (70-76 %) with respect to the other strains of Cellulophaga lytica. This shows that while IFO 16021 is a Cellulophaga lytica strain, it is less closely related to the other strains in this species.
DISCUSSION
The phylogenetic structures of the CFB complex based on the GyrB sequences and on the 16S rDNA sequences were almost equivalent. The marine species possessing MK-6 were clustered in one lineage, with the exception of '[Microscilla] aggregans subsp. cata- lyticus'. However, such clustering of marine strains has not been apparent in previous studies : the marine strains containing MK-6 were previously divided into several clades (Maidak et al., 1999 ; Gosink et al., 1998) . In those studies, the maximum-likelihood method was used for the phylogenetic analyses. Thus, the different method of analysis might be the reason for the difference between our results and theirs. In both the GyrB-and the 16S rDNA-based trees constructed in this study, the bootstrap values of the marine MK-6 group were not particularly high (less than 50 % in both analyses). Therefore, the single lineage of the marine strains containing MK-6 should not be overemphasized. Further studies are needed to clarify the phylogenetic structure of the marine MK-6 group. The gyrB sequence similarity among the strains used in the DNA-DNA hybridization experiment is indicated in Tables 3 and 4 and summarized in Fig. 5 . Good correlation is apparent between the DNA-DNA hybridization values and the gyrB sequence similarity.
The proposed limit for a species identity, the DNA reassociation value of 70 % (Wayne et al., 1987) , corresponds to a gyrB sequence similarity of approximately 88n8 %. On the other hand, the gyrB sequence similarity between strains of different species is less than 83n5 %. The range of gyrB sequence similarity within the same species observed in the present study is almost identical to that observed in genomic species of the Acinetobacter genus . The correlation between the DNA-DNA hybridization value and the 16S rDNA sequence similarity was less obvious. In this study, the lowest 16S rDNA sequence similarity between strains of the same species was 95n9 % (IAM 14306 T and IFO16021), and the highest 16S rDNA similarity between strains of different species was 95n5 % (MBIC 1140 T and MBIC 4355 T ). Likewise, 16S rDNA similarity between Cellulophaga lytica (IAM 14306 T ) and Cellulophaga fucicola NN 015860 T (AJ005973, which was not used in this study) was 95n9 %. This value is the same to that of an intraspecies comparison (IAM 14306 T and IFO 16021). Thus, it was difficult to set a threshold value for 16S rDNA similarity for species identity. In the actinomycetes, Kasai et al. (2000) have shown that a genetic distance of approximately 0n014 for gyrB would correspond to the 70 % DNA homology value within the Micromonospora genus. The genetic variation of gyrB within a species of the Micromonospora genus is very small in comparison with our gyrB data for strains in the CFB complex and the Acinetobacter strains. The reason for such a difference is not clear at present, but it is well known that the chromosome of the actinomycetes is unstable and often undergoes substantial deletion or rearrangement (Volff & Altenbuchner, 1998) . Such deletion or rearrangement may reduce the degree of DNA-DNA hybridization much more significantly than the substitution of a single nucleotide. Since the phylogenetic analysis based on the nucleotide sequences of gyrB seems to be more suitable than 16S rDNA for taxonomic purposes and for the identification of bacteria at the species level, it is desirable to establish the relationship between the DNA reassociation value and gyrB similarity. We are planning to carry out similar analyses with more bacterial strains.
On the other hand, genus identification by DNA-DNA hybridization seems to be difficult : there are some examples for which intergeneric gyrB sequence similarities are as high as intrageneric values (IAM 14318 T and ATCC 43844 T , ATCC 43398 T and ATCC 43844 T ). Also, DNA-DNA hybridization values between strain MBIC 4355 T and other strains of the genus Tenacibaculum are as low as intergeneric values. In contrast, the intrageneric 16S rDNA sequence similarities are always higher than intergeneric ones in this study. These results indicated that 16S rDNA sequence similarities are suitable for consideration at the generic level.
Previous 16S rRNA studies of the CFB complex (Woese et al., 1990 ; Bernerdet et al., 1996 ; Nakagawa & Yamasato, 1996 ; Sly et al., 1999) had demonstrated that Flexibacter flexilis, the type species of the genus Flexibacter, is isolated on an independent lineage. Our analysis based on the GyrB sequences confirms that the genus Flexibacter is polyphyletic and should be thoroughly emended. The genus should be restricted to its type species, and all other species previously assigned to the genus should be reclassified in other or new genera. The marine bacterial strains that we isolated from sponge samples and from the surfaces of macro-algae collected in Palau and Japan were found to be located in three distinct taxonomic positions within the marine MK-6 group in the CFB complex. Strain MBIC 1544 was identified as Cellulophaga lytica, because of its high DNA homology with other strains belonging to this species. Strain MBIC 1357 formed an independent lineage within the marine MK-6 group, according to the phylogenetic analysis based on gyrB and 16S rDNA. Some other close relatives are needed to define the taxonomic status of this bacterium. The other five strains formed a tight cluster with [Flexibacter] (Wakabayashi et al., 1986 ; Hansen et al., 1992 ; Gosink et al., 1998 ; Dobson et al., 1993 ; Colwell et al., 1966 ; Johansen et al., 1999 ; Bowman et al., 1997a Bowman et al., , 1998 Lewin, 1969) . Abbreviations : , variable ; , weak reaction ; , not determined ; , no growth.
M. Suzuki and others MBIC 1543, MBIC 4356 and MBIC 4357 formed a tight genomic species whose members were more than 86 % related to each other and less than 27 % related to all other strains studied. Strain MBIC 4355 T showed only low levels of DNA homology with all other strains studied. We therefore conclude that these strains constitute two new bacterial species in the genus Tenacibaculum, distinct from [Flexibacter] maritimus and [Flexibacter] ovolyticus. The new genus and the four species it contains are described below. Differential characteristics for the species are listed in Table 2 .
Description of Tenacibaculum gen. nov.
Tenacibaculum (Te.na.ci.bahcu.lum. L. adj. n. tenax holding fast ; L. neut. n. baculum stick ; N.L. neut. n. Tenacibaculum rod-shaped bacterium which adheres to the surfaces of marine organisms). Gram-negative. Cells are rod-shaped, 1n5-30 µm long and 0n4-0n5 µm wide. Ring-shaped cells and gas vesicles are not formed. Produce a yellow pigment which is mainly zeaxanthin. Flexirubin-type pigment is absent. Spores are not formed. Cells are nonflagellated and are motile by gliding. Strictly aerobic heterotrophs. Produce catalase and oxidase. Major respiratory quinone is MK-6. GjC content of the DNA is 31-33 mol %. Member of the family Flavobacteriaceae. All strains were isolated from a marine environment and grow well on media containing sea water. One species can grow actively on media containing 1-7 % NaCl (w\v). Type species of the genus is Tenacibaculum maritimum. The description is identical to that given for Flexibacter maritimus by Wakabayashi et al. (1986) . The type strain is NCIMB 2514 T and was isolated from a diseased red sea bream fingerling in Japan. The description is identical to that given for Flexibacter ovolyticus by Hansen et al. (1992) . Type strain is NCIMB 13127 T and was isolated from the adherent epiflora of halibut eggs in Western Norway.
Description of Tenacibaculum mesophilum gen. nov., sp. nov.
Tenacibaculum mesophilum [me.so.phihlum. Gr. n. mesos middle ; Gr. adj. philos loving ; N.L. n. adj. mesophilum middle (temperature)-loving, i.e. mesophilic]. Gram-negative. Cells are rod-shaped, 1n5-10 µm long and 0n5 µm wide. Colonies on 1\5 LBM medium are circular with a spreading and undulating margin, a flat elevation, a 40-50 mm diameter after 5 d incubation and are pigmented bright yellow. Requires 1\10 strength of sea water or 1 % (w\v) NaCl for growth. Mesophilic : growth occurs at 15-40 mC, optimal growth occurring at 28-35 mC in liquid media. No growth occurs at temperatures at or below 10 mC and at or above 45 mC. Growth occurs at pH 5n3-9n0 in liquid media. Nitrate is not reduced. All strains hydrolyse casein, tyrosine, gelatin, Tween 80 and DNA. Growth occurs on peptone, tryptone, Casamino acids, -aspartate, -proline and -glutamate as the sole carbon and nitrogen sources. GjC content of the DNA is 31-32 mol % (determined by HPLC). Type strain is MBIC 1140 T (l IFO 16307 T l DSM13764 T ), isolated from the sponge Halichondria okadai, which was collected in Numazu, Japan.
Description of Tenacibaculum amylolyticum gen. nov., sp. nov.
Tenacibaculum amylolyticum (am.y.lo.lyhti.cum. Gr. n. amylum starch ; Gr. adj. lyticos loosening, dissolving ; N.L. adj. lyticus dissolving ; N.L. neut. adj. amylolyticum starch-dissolving).
Gram-negative. Cells are rod-shaped, 2-5 µm in length and 0n4 µm in width. Colonies on 1\5 LBM medium are circular with a spreading and undulating margin, a flat elevation, a 20-30 mm diameter after 5 d incubation and are pigmented bright yellow. Requires at least 1\2 strength sea water for sufficient growth. Mesophilic : growth occurs at 19-35 mC, optimal growth occurring at approximately 30 mC in liquid media. No growth occurs at temperatures at or below 15 mC and at or above 40 mC. Growth occurs at pH 5n3-8n3 in liquid media. Nitrate is weakly reduced. Hydrolyses casein, starch, tyrosine, gelatin, Tween 80 and DNA. Growth occurs on peptone, tryptone, Casamino acids, -proline and -glutamate as the sole carbon and nitrogen sources. GjC content of the DNA is 31 mol % (determined by HPLC). The type and only strain is MBIC 4355 T (l IFO 16310 T l DSM 13766 T ), isolated from the green alga Avrainvillea riukiuensisi, which was collected in Palau.
